MctB Mtb and mctB Msm were amplified from chromosomal DNA and cloned into the mycobacterial expression vector pMS2. The resulting vectors, pMN035 and pML451 were transformed into ML77.
Colonies were picked and grown over night at 37°C in 7H9 Middlebrook medium containing hygromycin. The culture was pushed through a 5 m filter to obtain single cells and diluted to an OD 600 of 10 -7 of which 100 L were plated on hygromycin-containing 7H10 plates. Colonies from single cells were photographed after 5 days at 37°C using a digital camera (AxioCam, Zeiss) attached to a stereo microscope (Stemi 2000-C, Zeiss).
Copper resistance is essential for virulence of Mycobacterium tuberculosis, Suppl. Information Longer incubation times showed that M. smegmatis is not killed at elevated copper concentrations.
Scale bar: 1 mm.
Copper resistance is essential for virulence of Mycobacterium tuberculosis, Suppl. Information The average diameter of WT colonies was divided by that of the ∆mctB mutant (ML77). The ratios for each metal ion concentration are presented. Pictures of representative colonies are shown for the highest Cu(II) and Ag(I) concentration at which growth of the ∆mctB mutant ML77 was impaired.
Copper resistance is essential for virulence of Mycobacterium tuberculosis, Suppl. Information M. smegmatis WT (A) and ML77 (ms3747) (B) were grown on a roller drum overnight at 37 C in Middlebrook 7H9 medium containing 0.05% Tween 80. Pictures of the test tubes were taken with a digital camera.
Copper resistance is essential for virulence of Mycobacterium tuberculosis, Suppl. Information were prepared 16 weeks after infection and stained with hematoxylin and eosin. Sections A and B
were from mice kept under standard conditions, while sections C and D were from mice fed with additional 118 mg/mL copper sulfate. Pictures were taken with Nikon Eclipse E800 microscope outfitted with a Nikon DXM1200 digital camera (magnification: 20x).
Copper resistance is essential for virulence of Mycobacterium tuberculosis, Suppl. Information DETA/NO were added separately to achieve desired concentrations. Escherichia coli DH5 was used for all cloning experiments and was routinely grown in LB medium at 37 °C. The following antibiotics were used when required: ampicillin (100 µg ml -1 for E. coli), kanamycin (30 µg ml -1 for mycobacteria), hygromycin (200 µg ml -1 for E. coli, 50 µg ml -1 for mycobacteria).
Construction of plasmids.
The non-replicative suicide vector pML343 was used for deletion of mctB in M. smegmatis. Two identical loxP sites (loxP1, loxP2) and two linkers (link1, link2) were cloned separately into the vector pBluescript KS+ cut by the restriction endonucleases BamHI/PstI, BamHI/EcoRI, BamHI/SpeI and EcoRI/XhoI to give the four vectors pML311 to 314, respectively. DNA fragments containing the loxP sites (loxP1, loxP2) and the linkers (link1, link2) were generated by hybridizing 400 pmol of each of the complementary phosphorylated oligonucleotides (loxP1: max_loxP1_FW and max_loxP1_RW; loxP2: max_loxP2_FW and max_loxP2_RW; linker1: max_red1_FW and max_red1_RW; linker2: max_red2_FW; max_red2_RW; see table S1). Mixtures were incubated for 10 min at 100°C, for 4 h at 65°C and overnight at 37°C. Restriction sites needed for cloning resulted directly from the correct hybridization of complementary oligonucleotides. Next, the MluI/SmaI fragment of vector pBS346 containing the hyg gene was cloned into the vector pML312 digested with the same restriction
Copper resistance is essential for virulence of Mycobacterium tuberculosis, Suppl. Information S22 endonucleases to give pML315. The 3242 bp BamHI/NheI fragment of pML315 was then integrated into pML314. The resulting vector pML316 was cut with XhoI/SwaI and the hyg gene containing fragment was cloned into the backbone of pML311 similarly digested to give pML317. The resulting loxP-hyg-loxP cassette flanked by XhoI and SwaI sites was then cut out and cloned into the backbone of pML313 to create pML318. Using PCR, the restriction sites AscI and SwaI were attached to the upstream homolog region of mctB using the primer mpoS_up_FW and mpoS_up_RW, while BfrBI and PacI were introduced to the downstream region (mpoS_do_FW and mpoS_up_RW). Individual sequences were cloned to bracket the loxP-hyg-loxP cassette in pML318 via the corresponding restriction sites. Since the hyg cassette from pBS346 mediated only a weak resistance to hygromycin, the hyg cassette was replaced by that of pML113 and the sacB cassette from pBS346 was introduced in front of the upstream homolog region to generate the mctB Ms deletion vector pML343. For deletion of rv1698 of Mtb, the thermo-sensitive pAL5000ts origin of replication from pCG63 (6), was inserted to uncouple recombination from the transformation efficiency. The upstream and downstream regions of ms3747 were replaced with those of rv1698. To improve the screening for single and double crossover candidates, reporter genes were introduced. The mycgfp2+ originating from pMN437 was put upstream of the hyg gene to create a loxP-mycgfp2+-hyg-loxP cassette. The xylE gene from pXylE4 was integrated into the plasmid backbone. The final mctB Mtb deletion vector was called pML515. All plasmids were verified by DNA sequencing.
Southern Blots.
Chromosomal DNA was isolated from M. smegmatis as described previously (13) . For Southern blot analysis, 5 g of chromosomal DNA was digested with 20U PstI overnight at 37°C, separated on a 1%
agarose gel and transferred in 20x SSC (3 M NaCl, 0.3 M sodium citrate, pH 7.0) to a positively charged nylon membrane (PVDF, Amersham). The downstream region of mctB Ms from pML343 was cut out by BfrBI and PacI and used to generate the mctB probe using the Dig DNA labelling and detection kit (Roche). All other steps were carried out as described previously (14, 15) .
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Copper accumulation.
The copper content of mycobacteria was analyzed using the photometric dithizone assay. 300 l of cell suspension were mixed with 300 l fresh dithizone 5x10 -4 M (dissolved in CHCl 3 ) and 2.7 ml Preparation and analysis of protein extracts.
M. smegmatis was streaked on 7H10 plates (7H10sm) without copper and grown for 5 days at 37°C
while sealed in a zip-top bag. A pre-culture of 20 ml self-made 7H9 medium (7H9sm) was inoculated and grown over night. On the next day, 7H10sm medium with or without copper was inoculated to an OD 600 of 0.05 and shaken at 37°C. Unless otherwise noted, the culture was centrifuged and 1 g of wet cells was resuspended in 6 ml PBS (140 mM NaCl, 2 mM KCl, 10 mM K 2 HPO 4 /KH 2 PO 4 , pH 7.4) and lysed by sonication. After centrifugation at 9000xg the pellet was washed in 6 ml PBS, sonicated again and centrifuged. The final pellet was resuspended in 1 ml PBS containing 2% SDS and incubated at 100°C for 15 min. After centrifugation at 16,000 g, the protein content of the supernatant was determined by using bicinchoninic acid (BCA Protein Assay Kit, Pierce). 
Role of MctB in virulence of M. tuberculosis in mice.
A preliminary copper tolerance study was performed, in which three groups of BALB/c mice (Charles River) were given water ad libitum containing either 118 mg/L, 1180 mg/L, or 11.8 g/L copper sulfate pentahydrate (Sigma). The mice were monitored for two weeks. A concentration of 118 mg/L copper sulfate pentahydrate did not cause any signs of distress in mice and was chosen for further experiments.
Mid-log phase cultures of Mtb WT (H37Rv), the mctB mutant ML256 and the complemented mutant ML257 were diluted to OD 600 ~ 0.08 to implant 500-1000 bacilli in the lungs of mice by using a Middlebrook inhalation exposure system (Glas-Col). Eighty 6-week old BALB/c mice were infected Mouse organs were aseptically removed, homogenized by bead-beating, and serially diluted.
Appropriate dilutions were plated onto Middlebrook 7H11 agar plates to determine the colony forming units. For histological analysis, representative tissue samples from each group were fixed in 10%
formaldehyde, embedded in parraffin, sectioned, and stained with hematoxylin and eosin using standard procedures. 
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